To enhance our understanding of evolutionary consequences and to establish a suitable conservation strategy, we isolated microsatellite markers for the endangered Bupleurum latissimum (Apiaceae), which is endemic to the oceanic Ulleung Island. We also attempted cross-amplification in B. euphorbioides and B. longeradiatum to investigate its continental progenitors.
Ulleung Island, Korea, was formed by volcanic eruption approximately 1.5 million years ago (Xu et al., 1998; Kim et al., 1999; Song et al., 2006) and is located on the East Sea (Sea of Japan), 137 km from the Korean Peninsula. Most of its endemic species were derived through anagenetic speciation from continental progenitors (Korea and/or Japan) at a frequency that is the highest among the world's oceanic islands (Stuessy et al., 2006) . The plants of Ulleung Island have long been of great interest to researchers who focus on aspects other than the typical cladogenetic model of evolution (Takayama et al., 2012 (Takayama et al., , 2013 Stuessy et al., 2014) . Although several studies were conducted using RAPDs (Ku et al., 2004) and ITS (Kim et al., 2012) for our target species, no clear information is yet available about the evolutionary history of the species on Ulleung Island, including the formation of island vegetation and patterns of speciation.
Bupleurum latissimum Nakai (Apiaceae) is a perennial herb endemic to Ulleung Island. This species is closely related morphologically to B. euphorbioides Nakai and B. longeradiatum Turcz. However, whereas the involucres and involucels are ovate or broadly ovate for B. latissimum and B. euphorbioides, they are linear or linear-lanceolate for B. longeradiatum (Kim and Yoon, 1990 ). Although we can speculate that B. latissimum has evolved anagenetically from the source populations, especially the Korean endemic B. euphorbioides, their evolutionary relationship is still unresolved, and an association with B. longeradiatum is also controversial. Moreover, populations of B. latissimum are now extremely restricted to a few habitats on the island where they are now being protected as endangered plants (Ministry of the Environment of Korea, 2012) . Here, we describe the development of a set of polymorphic microsatellite markers from B. latissimum to enhance our understanding of evolutionary consequences in an ideal environmental model, i.e., Ulleung Island. Our goals were to establish a suitable conservation strategy at the genetic level and to attempt cross-amplification with its related species, B. euphorbioides and B. longeradiatum.
METHODS AND RESULTS
To produce high-throughput sequencing data, we obtained a fresh leaf sample of B. latissimum from Ulleung Island and extracted its genomic DNA with a DNeasy Plant Mini Kit (QIAGEN, Seoul, Korea) to generate 300-bp paired-end reads. SSR_pipeline version 0951 (Miller et al., 2013 ) was used to screen di-, tri-, and tetranucleotide motifs with flanking regions larger than 100 bp and a minimum of 10, six, and four repeats, respectively. From the 5,702,505 pairedend reads that were sequenced, we detected 161,801 microsatellite loci. The raw reads were then deposited in the National Center for Biotechnology Information's GenBank database (GenBank BioProject number: PRJNA407690). To achieve loci with low copy numbers, we assembled the filtered reads using Geneious R 10.1.3 (Biomatters Ltd., Auckland, New Zealand) following the method of Cho et al. (2015) . For the final selected reads, we designed 54 primer pairs with Primer3 in the Geneious program and added three sets of M13 tag sequences (5′-CACGACGTTGTAAACGAC-3′, 5′-TGTGGAATTGTGAGCGG-3′, and 5′-CTATAGGGCACGC-GTGGT-3′) on the forward primer with 6-FAM, VIC, and NED fluorescent dye, respectively. To assess the effectiveness of these microsatellite markers, we collected 16 individuals of B. latissimum from Ulleung Island. Because a few individuals remain in some continuous locations, we could not artificially subdivide the group. We considered our sample size to be sufficiently representative of all extant individuals for B. latissimum. Cross-species amplification was also tested by sampling 13 individuals of the related species B. euphorbioides from Gyeongsangnam Province and 12 of B. longeradiatum from Gangwon Province in Korea (Appendix 1). We then performed PCR amplifications for validation and genotyping in a final volume of 5 μL that was composed of 15 to 20 ng of extracted DNA, 2.5 μL Multiplex PCR Master Mix (QIAGEN), 0.01 μM forward primer, 0.2 μM reverse primer, and 0.1 μM of the M13 primer (fluorescently labeled). The PCR protocol consisted of an initial denaturation at 95°C for 15 min; followed by 35 cycles of denaturing for 30 s at 95°C, 1.5 min at annealing temperature of 56°C, and extension for 1 min at 72°C; and a final extension at 72°C for 10 min. The PCR products were analyzed on an ABI 3730XL sequencer with GeneScan 500 LIZ Size Standard (Thermo Fisher Scientific, Waltham, Massachusetts, USA). Allele sizes and peaks for each sample were determined with Peak Scanner Software version 2.0 (Thermo Fisher Scientific). Overall genetic parameters, i.e., number of alleles, expected heterozygosity (H e ), and observed heterozygosity (H o ), were evaluated using GenAlEx 6.5 (Peakall and Smouse, 2006) . Deviations from Hardy-Weinberg equilibrium (HWE) were estimated with GENEPOP version 4.6.9 (Rousset, 2008) . Using the 54 designed primer pairs, we produced 26 polymorphic microsatellite loci with clear, strong bands for each allele in the 16 individuals of B. latissimum (Table 1 ). The number of alleles per locus ranged from two to four (mean of 2.2). Values for H e and H o ranged from 0.061 to 0.529 and from 0.000 to 0.500, respectively. Our results from the cross-amplification indicated that 13 loci were successfully amplified and were polymorphic; they displayed one to eight alleles per locus for the two related species (Table 2) . After a Bonferroni correction, we found no significant deviation in HWE from the 26 developed markers in B. latissimum (P < 0.0019). However, four of those loci (BuL012, BuL016, BuL026, and BuL027) showed a significant deviation from HWE in B. euphorbioides (Table 2) .
CONCLUSIONS
We developed a set of 26 polymorphic microsatellite markers from B. latissimum and determined that 13 of the loci were transferable to the related species B. euphorbioides and B. longeradiatum. The microsatellite markers described here will be a powerful genetic tool for elucidating, across a large scale, the evolutionary pattern of an oceanic island-endemic species with its progenitors. Furthermore, these results will be beneficial for establishing suitable conservation strategies to manage B. latissimum as an endangered species on Ulleung Island, Korea.
